A field experiment was carried out at the Soil Science Field Laboratory of Bangladesh Agricultural University, Mymensingh during aman season of 2013, to study the impact of tillage intensity, fertilizer and manuring on soil physical properties, water conservation and yield of rice. The experiment was laid out in a split-plot design with three tillage treatments in main plot and four fertilizer and manuring treatments in sub plots and replicated thrice. The unit plot size was 4 m x 2.5 m. The maximum bulk density of 1.61 g cm -3 and minimum bulk density of 0.87 g cm -3 were observed in P1 at 10-20 cm depth and by P3 at 0-10 cm soil depth. The highest soil moisture content of 51.68% was found under P3 at 0-10 cm depth and the lowest value of 37.91% in P1 at 10-20 cm depth. The highest air-filled porosity of 12.16% was found under P2 at 0-10 cm soil depth. Considering tillage treatment, the highest number of tillers hill -1 (11.80), number of grains panicle -1 (106.97), 1000-grain weight (21.58 g) and grain yield (4.40 t ha -1 ) were observed in P3 treatment. The lowest straw yield (4.18 t ha -1 ) and grain yield (3.64 t ha -1 )was found in P2 treatment. The soils were manipulated with different tillage operations thereby reduced compactness of soil and increased the number of pore spaces, which decreased soil bulk density. As a result, yield of rice increased.
Introduction
Agriculture is the most important sector of the economy of Bangladesh. Rice (Oryza sativa L.) is the leading cereal crop in the world and staple food crop in Bangladesh. Agriculture contributes about 19.82% of her gross domestic products (GDP). Rice is grown in about 80% of total cropped area. The total area and production of rice in Bangladesh are about 10.28 million hectare and 25.157 million metric ton, respectively, with the average yield of around 2.43 ton per hectare (BBS, 2005) . Although, rice is the major food crop in Bangladesh and the agro-climatological condition is favorable for its cultivation all the year round, yet the per hectare yield of this crop is low compared to other rice growing countries like Australia, Japan, China and South Korea due to declining soil fertility status and lack of proper tillage practices.
Generally crop production is a combined impact of soil factors, management and environmental factors. Lal (1999) defined tillage as physical, chemical or biological soil manipulation to optimize conditions for seed germination, emergence and seedling establishment. Tillage is the practices of working the soil for the purpose of bringing about more favorable condition for plant growth.
Tillage practices suppress weeds, presents a suitable seedbed for crop-plants and incorporates organic matter into the soils, thereby, the physical and chemical condition of soil play a key role in growth and development of root by controlling air and water movement to a certain extent and nutrient supply to the roots of the growing plants. Tillage intensity influence soil properties and thus the mineral nutrition and yield of wetland rice. Tillage improves soil physical condition by altering the aggregates size distribution. By altering the aggregates size distribution, tillage also affects the physical and chemical properties of the soils, which in turn affect plant growth (Dexter, 1999) .
The magnitude of tillage impacts varies with the use of tillage implements. Power tiller is used for deep ploughing sub soiling and rotating the soil make better than that of country plough. Deep tillage decreases the bulk density and increases the soil porosity, infiltration rate and hydraulic conductivity. As a result soil becomes permeable, aerated and have a good physical condition for crop production. On the other hand, shallow tillage increases the bulk density, soil resistance and mechanical impedance of soil for poor physical condition may be developed.
The general Impacts of organic matter are to improve soil physical, chemical and microbial properties. The importance of organic manures for improving soil environmental has been well recognized. The organic matter content of cultivated soils of the tropics and sub-tropical is comparatively low due to high temperature, alternate rainfall and microbial activity. Thus organic manures act as a buffer medium for making favorable soil environments to obtain higher yield of crops. Addition of organic matter in light soil increases porosity and water holding capacity of the soil. It makes heavy soils more friable and easy for tillage operation.
Tillage operation influences soil physical properties, crop yield, water conservation, root growth, nutrient availability and distribution. No tillage is not suitable for crop production. Though it resists the soil from erosion, conserve moisture and reduces energy but weed, insect and disease become a common phenomenon in the soil. So, uses of proper tillage practices have a big role in crop production.
Materials And Methods
An experiment was carried out to study the impact of tillage intensity, fertilizer and manuring on soil physical properties, water conservation and yield of rice. This chapter deals with the experimental aspect of the work. The materials used and methods followed in this experiment have been presented in this chapter.
The experiment was laid out in a split plot design. There were two sets of experimental treatments viz. (i) three tillage treatments arranged as main plot and (ii) fertilizer and manuring treatments allocated into the subplots. The treatments were replicated three times. Thus the total number of plot was thirty six. The unit plot size was 4 m x 2.5 m having spacing of plot to plot 0.5 m and block to block 1 m. The experiment consisted of 3 main plot treatments and 4 subplot treatments. The treatments were as follows: .
Main plot treatment

Soil texture
Textural classes were determined by hydrometer method as outlined by Bouyoucos (1927) . Fifty grams of oven dry soil was taken in a dispersion cup and 10 ml of 5% calgon solution was added to the samples and allowed to soak for 15 minutes. Ninety milliliter distilled water was added to the cup. The suspension was then stirred with an electrical stirrer for 10 minutes. The content of the dispersion cup was then transferred to 1 liter sedimentation cylinder and distilled water was added to make the volume up to the mark. A cork was placed on the mouth of the cylinder and the cylinder was inverted several times until the whole soil mass appeared in the suspension. The cylinder was set upright and the hydrometer readings were taken at 40 seconds and 2 hours of sedimentation. The temperature of the suspension was also recorded with a thermometer at 40 seconds and 2 hours of sedimentation.The corrections of hydrometer readings were made as the hydrometer was calibrated at 68°F. The percentage of sand, silt and clay were calculated as follows:
C.H.R. after 40 seconds of sedimentation W C.H.R. after 2 hours of sedimentation W × 100 % (Silt + clay) = × 100 % Clay = Where, C. H. R. = Corrected hydrometer reading, W = Weight of soil (g), % Sand = 100 -% (silt + clay) and % Silt = % (silt + clay) -%clay
Bulk density
The bulk density was determined with the help of a core sampler made of metal cylinder. The diameter and the length of the sampler were 4.2 cm and 4.4 cm, respectively. Bulk density was calculated by using the following formula: 
Air-filled porosity
Air-filled porosity was calculated by using the following formula:
Volume of the air (cm 3 ) Total volume of the soil (cm 
Soil moisture
The soil moisture was determined by gravimetric method and was calculated by using the following formula:
Soil moisture (%) = × 100 (oven dry basis) Where, W = weight of moist soil (g) and W 1 = weight of oven dry soil (g)
Statistical analysis
Data collected on different parameters under study were statistically analyzed to ascertain the significance of the experimental results. The means for all treatments were calculated and analyses of variance of all characters studied were performed by F-test. The significance of the difference between the pair of means was evaluated at 5% level of significance by Duncan's Multiple Range Test (DMRT) using MSTAT-C computer package program (Gomez and Gomez, 1984) .
Results
Tillers hill -1
Tillage intensity influenced number of tillers hill -1 of BRRI dhan-49 non-significantly. The highest number of tillers hill -1 (11.80) was recorded in treatment P 3 . The lowest number of tillers hill -1 (10.25) was found under P 2 treatment (Table 1 ). Tillers hill -1 and grain yield were positively correlated (r=0.289NS) and was statistically significant (Figure 2 ). It was due to absorption of more water and nutrients from deeper soil. The number of tillers hill -1 was also influenced by fertilizer and manuring treatment non-significantly. Maximum number of tillers hill -1 (11.24) was observed in FM o treatment. Minimum number of tillers hill -1 (10.81) was recorded in the FM 1 treatment (Table 1 ). The interaction impact of tillage, fertilizer and manuring on number of tillers hill -' was statistically significant. The treatment combination P 3 FM o (13.17) gave the highest number of tillers hill -1
. The minimum number of tillers hill -1 (9.22) was recorded in the P 2 FM 3 treatment combination (Table  1) . The plant height of rice was non-significantly influenced by the impact of different tillage treatment. Maximum plant height of 102.23 cm was recorded in P 2 treatment and the minimum plant height of 99.86 cm was found under P I treatment (Table 1) . NS= Non significant ⃰ = Significant at 5% level probability ⃰ ⃰ = Significant at 1% level probability Plant height was also non-significantly influenced by the application of fertilizer and manuring. The recommended dose of fertilizers produced the tallest pant (102.39 cm), which was statistically dissimilar to FM I , FM 2 and FM 3 treatments. The shortest plant (100.42 cm) was found under FM 2 treatment (Table 1 ). The plant height of rice was non-significantly changed by the Impact of combination of different tillage treatment and manuring treatments. Maximum plant height of 103.65 cm was recorded in P 3 FM 0 treatment and the minimum plant height of 97.93 cm was found under P I FM 1 treatment (Table 1) .
Plant height
Ms
Panicle length
Tillage intensity influenced panicle length non-significantly. The treatment P 2 produced the highest panicle length( 22.68 cm). The lowest panicle length 22.41 cm was recorded in P 3 treatment (Table 1) which was statistically similar to P2 and P 1 treatment. Application of manures influenced panicle length of rice non-significantly. From the table it was observed that the maximum panicle length (22.80 cm) was recorded under the plots, which received the recommended dose of fertilizers (FM o ) and the minimum panicle length (22.32 cm) was observed in the treatment FM 1 (Table 1 ). The maximum panicle length (23.30 cm) was found under increase tillage with recommended dose of fertilizer P 2 FM 2 . The minimum panicle length (21.78 cm) was found under P 3 FM 3 treatment combination (Table 1) .
Number of grains panicle -1
Tillage intensity influenced the number of grains panicle -1 non-significantly. The highest number of grains panicle -1 (106.97) was obtained in P 3 treatment. The lowest number of grains panicle -1 (103.16) was observed under (P 1 ) treatment (Table 1) . Number of grains panicle -1 and grain yield were positively correlated (r=0.403*) and was statistically significant (Figure 3 ). Considering the fertilizer and manuring treatments the highest number of grains panicle -1 (109.15) was observed in FM 0 treatment, which was significantly different from other treatments. The lowest number of grain panicle -1 (102.38) was observed in FM 1 treatment (Table 1) . Considering tillage, fertilizer and manuring treatments the highest number of grains panicle -1 (118.10) was observed in P 3 FM 0 treatment, which was significantly different from other treatments. The lowest number of grain panicle -1 (100.62) was observed in P 2 FM 3 treatment (Table 1) .
1000-grain weight
The tillage intensity did not influence 1000-grain weight of rice significantly. Although they were statistically identical, the numerical values were different among the treatments (Table 1 ). The highest 1000-grain weight (21.58g) was found in P 3 treatment. The lowest 1000-grain weight of (21.05g) was found under P 1 treatment. Fertilizer and manuring affected 1000-grain weight non-significantly. The maximum 1000 grain weight (21.53g) was found under FM o treatment. The minimum 1000 grain weight (20.87g) was found under FM 2 treatment (Table 1) . Combined impact of tillage, fertilizer and manuring was significant. The highest of 1000 grain weight (22.87g) was found under P 3 FM o treatment combination. The minimum 1000 grain weight (20.31g) was found under P 1 FM 0 treatment (Table 1) .
Grain Yield
The tillage intensity influenced grain yield of BRRI dhan-49 significantly. The highest grain yield of 4.40 t ha -1 was found under P 3 treatment and the lowest yield of 3.64 t ha -1 was obtained in P 2 treatment (Table 1 ). The P 3 treatment increased grain yield by 10.28% more than P 1 treatment. Application of fertilizer and manuring showed significant result on grain yield. The highest yield of 4.33 t ha -1 was recorded while applying the different fertilizers as a recommended dose at FM o treatment. The lowest grain yield of 3.52 t ha -1 was recorded under FM 3 treatment (Table 1 ). The interaction impact of tillage, fertilizer and manuring on yield was also significant. The highest yield of 4.81 t ha -1 was found in P 3 FM 3 treatment. The lowest yield of 2.42 t ha -1 was found in P 2 FM 3 treatment (Table 1) . Rice yield depends largely on tillers hill -1 , grains panicle -1 , 1000 grain weight and bulk density. Grain yield has a positive relationship with tillers hill -1 (Figure 2 ), grains panicle -1 (Figure 3 ) and 1000 grain weight (Figure 4) . Positive relationship indicates the increase of grain yield was dependent on increase of tillers hill -1 , grains panicle -1 and 1000 grain weight. On the other hand, Grain yield has a negative relationship with bulk density (Figure 1 ).
Straw Yield
Tillage intensity influenced the straw yield of BRRI dhan-49. The highest straw yield of 4.51 t ha -1 was recorded in P 1 treatment. The lowest straw yield of 4.18 t ha -1 was obtained under P 2 treatment. Under P 3 treatment soil was looser (Table 1 ) which permits the penetration of the roots into the deeper layer for up taking of water and mineral nutrients. Positive physiological and metabolic activities of rice were probably influenced by tillage operation thus grain and straw yield of rice were increased. Application of fertilizer and manure showed significant impact on straw yield. The maximum straw yield of 4.54 t ha -1 under FM 0 and minimum straw yield of 3.82 t ha -1 under FM 3 treatment. The interaction Impact of tillage, fertilizer and manuring showed non-significant result on straw yield. The highest straw yield of 4.88 t ha -1 was observed under P 1 FM 1 treatment combination. The lowest straw yield of 3.66 t ha -1 was obtained in P 2 FM 3 treatment combination (Table 1) . Correlation and regression analysis between soil physical properties, yield contributing characteristics and grain yield Correlation and regression equations show that grain yield had a significant positive correlation (r = 0.289 NS) with number of tillers per hill, grains per panicle (r = 0.403*) and 1000 grain weight (r = 0.10 NS). The graphical representation between grain yield, number of tiller per hill, grains per panicle and 1000 grain weight have been shown in Figure 2 , 3 and 4 respectively. Table 2 . Correlation and regression analysis among soil physical properties,yield contributing characters and grain yield of rice.
N.S. = Non significant ⃰ = Significant at 5% level of probability ). . Figure 4 The relationship between grain yield and 1000 grain weight.
Discussion
Impact of tillage intensity influenced soil moisture content significantly (Table 1 ). The maximum soil moisture content (51.68%) was found under P 3 tillage treatment and the lowest value (37.91%) was recorded by P 1 tillage treatment. The results indicated that the more loose soil absorbed more soil moisture compared to compacted soil. The present findings are in agreement with Saltion and Mielnieseuk (1995) . They reported that lower moisture content was found in sub soil due to the presence of a hard plough pan.
Fertilizer and manuring treatment also influenced soil moisture content significantly. The maximum moisture content was recorded in FM 1 treatment whereas the lowest value was recorded in FM 2 treatment. Addition of cowdung and rice straw in soil increased the moisture holding capacity as result soil moisture content was increased. Similar result was found by Sharma (2003) and Mbagwu j. Sc (1999) . After harvest soil moisture decreased with the increase of soil depth probably due to the absence of low fragipan layer. Soil moisture content was comparatively lower from the moisture content measured before panicle initiation stage of growth.
The bulk density showed significant results under deep tillage treatments but non-significant under shallow tillage treatments (Table 1) . The highest bulk density (1.61) was recorded under deep tillage treatment. The lowest bulk density (0.87) was observed by P 3 tillage treatment at 0-10 cm soil depth. Bulk density was increased significantly with increasing soil depth. The similar results were also observed by Ranjan et al. (2006) , Hassan et al. (2005) and Ogbodo (2005) . In surface layer, soils were manipulated with different tillage operations thereby reduced compactness of soil and increased the number of pore spaces, which decreased soil bulk density. The highest bulk density was observed under FM 2 treatment and the lowest bulk density was recorded in the treatment FM 1 . It may be due to the application of organic manures which improved granulation of soil. The result was also supported by Hati et al. (2006) , Ray and Gupta (2003) .
The highest air-filled porosity (12.16) and the lowest air-filled porosity (9.9) were found under P 2 treatmen and P 1 treatment. The present results were accorded with the findings of Lipiec et al. (2006) , Maecka and Blecharezyk (2002) , Chan et al. (1999), and Rahman (1997) . Air-filled porosity means a space occupied by air in the soil. From the data it is clear that more loosen soil is present under P 3 treatment and can allow more air into the soil. The highest value of air-filled porosity and the lowest value of air-filled porosity were found in FM 2 treatment and FM 3 treatment. Air-filled porosity decreased with the increase of depth. The highest value of air-filled porosity was observed due to deep tillage and lowest by shallow tillage treatment. The present results were accorded with the findings of Hati et al. (2006) , Bhatnagar et al. (2002) . Adequate aeration in soil can encourage the activity of microorganisms present in soil that may accelerate the growth and development of a crop by providing nutrient elements available to roots.
After harvest, different tillage practices non-significantly influenced the soil air-filled porosity at both depth. The highest air-filled porosity was found in P 3 treatment and minimum value was found in P 1 treatment. From the above result, it is clear that soil porosity was significantly influenced due to different tillage operations (Lipiec et al. 2006) . After harvest airfilled porosity of soil was slightly increased from the air-filled porosity at before panicle initiation stage of growth of rice. Probably, it occurred due to decrease of soil moisture. Air-filled porosity gradually decreased up to 20 cm depth. Similar results were observed from the study of Rahman (1997) .
The highest number of tillers hill -1 (11.80) was recorded in treatment P 3 . The lowest number of tillers hill -1 (10.25) was found under P 2 treatment. Tillers hill -1 and grain yield were positively correlated and was statistically significant. It was due to absorption of more water and nutrients from deeper soil. The present result is accorded with Ogbodo (2005) . The number of tillers hill -1 was also influenced by fertilizer and manuring treatment non-significantly. Maximum number of tillers hill -1 was observed in FM o treatment. Minimum number of tillers hill -1 was recorded in the FM 1 treatment. The present result is accorded with Reddy et al. (2004) .
Maximum plant height was recorded in P 2 treatment and the minimum plant height was found under P I treatment. Similar results were accorded with Basunia (2000) . He investigated that maximum plant height was found by three passes of plough. Plant height was also non-significantly influenced by the application of fertilizer and manuring. The recommended dose of fertilizers produced the tallest pant, which was statistically dissimilar to FM I , FM 2 and FM 3 treatments. The shortest plant was found under FM 2 treatment. The present result is accorded with Reddy et al. (2004) .
The treatment P 2 produced the highest panicle. The lowest panicle was recorded in P 3 treatment which was statistically similar to P2 and P 1 treatment. Ogbodo (2005) reported that crop growth and yield increased with tilled soil than untilled soil. The tillage intensity did not influenced 1000-grain weight of rice significantly. Although they were statistically identical, the numerical values were different among the treatments. The highest 1000-grain weight was found in P 3 treatment. The lowest 1000-grain weight was found under P 1 treatment. This result was in agreement with Rahman (1997) . 1000 grain weight were positively correlated (r = 0.10) with grain yield.
